Air quality is impacting health in many cities in most countries because of particulate pollution, sulfur dioxide, nitrogen dioxide, and ozone. Very small particulates from engine emissions and coal fired electric power plants enter the lungs and pollute the blood of urban residents leading to a burden of disease with more than 3 million premature deaths per year attributed to outdoor air pollution. Welfare losses including premature deaths associated with air pollution were about $5 trillion in 2013. A global transition to electric vehicles, and the generation of electricity without combustion emissions would improve air quality significantly and reduce greenhouse gas emissions. This transition is in progress in many parts of the world with more than 2 million electric vehicles in service in 2017. Electric bus and electric taxi sales are increasing, and many large cities have multiple programs to improve air quality. When health costs are considered, it is very appropriate for communities to take action to improve air quality and health. This work reviews and reports many positive actions that are in progress in larger cities.
Introduction
Reducing greenhouse gas emissions and improving air quality are significant global challenges. This review addresses air quality, the impact of air pollution on health, and community actions to improve air quality and associated health equity [1] - [98] .
Air pollution is a global concern with social costs of the order of $3 trillion/year [21] [22] [43] [51] [58] . There are about 3.3 million premature deaths (NAAQS) for each criteria pollutant [87] . The NAAQS for NO 2 , O 3 , and particulates are shown in Table 1 . In Table 1 , the primary standards are to protect public health, including that of more sensitive populations such as asthmatics. Secondary standards are to provide public welfare protection, including damage to plants and animals [87] . The AQI for NO 2 , O 3 , and particulates is shown in Table 2 . The European Commission of the European Union has developed air quality standards for the countries in the European Union [20] . The air quality standards are designed to protect human health and public welfare (i.e., effects on vegetation, weather, visibility, etc.). Not to be exceeded more than once per year on average over 3 years Table 2 . Air quality index (AQI) [87] . People with heart and lung disease, older adults and children are at a greater risk from exposure to ozone and particulate matter. Everyone may begin to experience some adverse health effects, and those in the sensitive groups may experience more serious health effects. 
Nitrogen Dioxide in Air
The regulatory concentrations of nitrogen dioxide in ambient air are 100 parts per billion (ppb) or 188 µg/m 3 (1 hour average value) and 53 ppb or 100 µg/m 3 (annual mean value) [87] . The Air Quality Index has the good range (AQI from 0 to 50) from 0 to 53 ppb and the moderate range (AQI from 51 to 100) from 54 to 100 ppb for nitrogen dioxide [85] .
About 58% of nitrogen oxides in urban air are attributed to mobile sources [23] . Other combustion sources also have emissions of nitrogen oxides. Since nitrogen dioxide emissions are associated with vehicle emissions, the concentrations in urban air vary with time of day and traffic density.
Ozone in Air
Ozone is produced in urban air by photochemical reactions when hydrocarbons and nitrogen oxides are present from vehicle emissions and other sources [23] .
The regulatory concentration for ozone is 0.070 parts per million (ppm) or 70
ppb. This is an 8 hour average value. The regulation is written such that this average value may happen on up to three days per year averaged over three years 
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Health Effects of Air Pollution
Since air pollution includes particulates, sulfur dioxide, nitrogen oxides and ozone epidemiology studies are impacted by more than one pollutant in many cases. It is well known that these pollutants are causally related to cardiovascular disease [10] . Individuals with asthma and/or chronic obstructive pulmonary disease may be impacted by these pollutants in the air they breathe. Lung cancer mortality is associated with particulates from diesel engines [2] [10] [22] .
There is evidence that compounds in urban air pollutants move from the lungs to the blood stream and the brain [10, 29] Traffic related studies have reported that dementia is associated with air pollution from vehicles including small particulates [18] . The association of Parkinson's disease with air pollution appears to be not as strong as with dementia [10] [18] [29] [68] . About 47 million people worldwide are living with dementia, and the estimated annual cost is $818 billion [65] .
There are several studies that report an increase in the percent of children with autism because of increased concentrations of air pollutants [6] [66] [69] [90]. The associations were stronger for boys than girls [69] . The third trimester of pregnancy appears to have the strongest association with the health impact of the concentration of air pollutants on autism [66] . Living near a freeway was associated with autism [90] . Traffic sources of air pollution were significant in the study by Becerra et al. [6] .
There are significant effects of air pollution due to PM2.5 and ozone on adverse birth outcomes [27] [33] [55] . The risks associated with low birth weight, Journal of Environmental Protection preterm delivery, and very preterm delivery are greater for babies of women who are exposed daily to high concentrations of PM2.5 while pregnant [33] . Ozone appears to increase the risk of early delivery, but it decreases the risk of term low birth weight [33] . The estimated annual cost of preterm births associated with air pollution in the United States has been estimated to be about $5 billion with an estimated 3.32 % of the preterm births attributed to PM2.5 being greater than 8.8 micrograms per cubic meter [77] . Sulfur dioxide contributed to low birth weight babies in China [91] .
Childhood leukemia appears to have an association with air pollution. There may be exposures to air pollution during pregnancy and after birth. Recently, the literature related to air pollution and autoimmune disease development has been reviewed for rheumatoid arthritis (RA), juvenile idiopathic arthritis (JIA), and systematic autoimmune rheumatic diseases (SARDs) [75] .
An association between PM2.5 air pollution and SARDs was found [8] [9] . For children less than 5.5 years, an association was found for JIA and PM2.5 [98] .
Further research is suggested on the effect of air pollution on autoimmune diseases [75] .
Data from the Global Burden of Disease Study 2013 has been used to estimate the stroke-related disability adjusted life-years (DALYs) associated with a number of risk factors worldwide from 1990 to 2013 [25] . Globally, 29.2% of the burden of stroke was attributed to air pollution [25] ; this included both ambient air pollution and household air pollution from solid fuels. Almost 22% of stroke related DALYs were attributed to ambient PM2.5 air pollution in China and India compared to 10.2% in high income countries [25] . The total number of DALYs in 2013 was about 102 million for stroke; more than 80% of these were from low-income and middle-income countries [25] .
The health impacts associated with air pollution may be difficult to measure because of other factors that also affect health such as level of education, psychosocial stressors and quality of medical care [56] . Air quality varies within cities and low income communities often have higher air pollutant concentrations in their neighborhoods. There is no safe level of exposure to some air pollutants [67] .
Improving Air Quality
There are a number of actions that can be taken to improve urban air quality. infrastructure, including shaded parking where solar panels are producing electricity in parking lots that include charging equipment [23] .
The global issue of greenhouse gas emissions and climate change would benefit if all large cities worked to improve their air quality by transitioning to electric powered transportation and if the electricity was generated without combustion using wind and solar energy, hydro and nuclear power. Some progress is being made as described below.
The U.S. EPA has a research program at the nexus of reducing greenhouse gas emissions and improving air quality [82] [83]. Research to prevent and reduce air emissions in urban areas is one of the goals of the strategic plan, which addresses the challenge of protecting health and the environment from the impacts of climate change and air pollution.
Electric Buses
There are several companies that are making electric buses for use in cities, and the buses are economical for cities to purchase and use [22] . New Flyer Industries, Proterra, Volvo, and BYD are in competition to expand their sales of electric buses. Proterra is a new U.S. company that has met California's zero emission bus rules [22] . BYD is a Chinese company that has plants in Lancaster, California and Komarom, Hungary. When the health benefits are considered, electric buses are very logical choices for large cities that are working to improve their air quality.
There are two approaches to charging the batteries on electric buses. One is to have a sufficient charge on the battery to only need to charge them each evening.
The other alternative is to have wireless charging at locations where the bus stops along the route. One of the important efforts that is being addressed is the need for international standards for charging buses [41] . Solar panels can be installed at bus stops to provide shade and cover for those who are waiting for the bus and to generate electric power that can be stored in batteries at charging locations along the bus route.
Chicago Transit Authority purchased two electric buses from New Flyer Industries and placed them in service in October 2014 [19] [22]. The buses have 300 kWh Li-ion batteries and a safety and performance battery management system. The batteries can be charged each evening in 3 to 5 hours. The estimated service life is 12 years. The buses have a modern electric power steering system which is expected to reduce maintenance and repairs [19] . The estimated health Journal of Environmental Protection benefits per bus per year are estimated to be about $55,000 because of the reduced emissions of particulates, and nitrogen oxides [19] . The buses have performed well and the Chicago Transit Authority is planning to purchase additional electric buses.
London has made progress in its efforts to electrify transportation and reduce air pollution. This includes a transition to electric buses with 51 added in September 2016, and a plan to continue to bring additional electric buses into service until all 300 single-deck buses are electric buses and 3100 double-deckers are hybrid-electric buses [41] [50] [76] . When these 51 new buses are added to the existing 22 all-electric buses, there are 73 electric buses with the 22 serving outer London [76] . The motivation for the transition to electric buses is because of the need to improve air quality. Reductions in particulate matter and nitrogen oxides in air are the two pollutants of greatest concern [76] .
There has been positive progress in many other communities to transition to electric buses. In China, sales of new electric buses were more than 100,000 in 2016 [5] . Seattle, Washington has plans to purchase up to 120 all electric buses, with initial orders from several companies to gather information on the relative quality of the different buses that are available [47] . Reduced emissions, better air quality, and quieter ride have been identified as positive features of the electric buses [22] .
Electric Taxi Cabs
One of the ways to reduce emissions and improve air quality is to transition to electric taxi cabs. A new factory designed to produce 20,000 electric taxi cabs per year for London and other cities is being built in central England [28] . The plan to transition to electric taxi cabs is supported by some government funding because of the desire to improve air quality in London and other cities. London has a daily fee for motor vehicles that enter the congested core of the city during weekday business hours. This fee is to reduce congestion, and it has higher fees for polluting vehicles in order to improve air quality [88] . Fees on vehicles associated with air quality goals can be used as an incentive to encourage electric taxi cabs as well as other electric vehicles.
There is a plan in Beijing, China to convert all of the taxi cabs to electric vehicles. All new taxi cabs are to be electric vehicles with the estimated cost of 67,000 new cabs being about $1.3 billion [49] . BYD has been testing electric taxis in several large cities in China. Air quality issues are one of the reasons for this effort. The national government has a new energy vehicle campaign to encourage both plug-in hybrid and electric vehicle sales [49] . 
Other Ways to Improve Air Quality
There are many additional actions that can be taken to improve air quality and reduce emissions in communities. One approach is to reduce vehicle emissions by promoting walking and bicycle riding. Good sidewalks, bike lanes, and bike paths away from traffic encourage increased walking and cycling. Parking for bicycles is also important. The integration of biking and public transportation to allow bicycles on public transport systems is helpful. Electric bicycles should be promoted by having covered parking and charge stations. Bicycle share programs in which bicycles are available for riding from one place to another can be established in communities [37] .
Low emission zones in cities where vehicles that do not meet emission standards are restricted from entering have been established in many cities [37] [92].
Car-free zones have been established in many cities as well.
One significant approach to improving urban air quality is to increase the amount of vegetation in urban areas along streets, in parks, with green roofs, and on balconies [54] [71] . Vegetation provides surfaces for particulates and gases to adsorb (stick to the surface of) and absorb (soak into) [42] [72] . Parks provide areas away from traffic emissions for people to exercise [73] . The literature related to the air quality benefits of green infrastructure in cities has been reviewed by Abhijith et al. [1] . Hedges along roads are recommended as a green solution that allows for the adsorption of pollutants to vegetation and the dispersion of the air.
Los Angeles, California has been working to reduce air pollution for about 50
years [62] . Progress toward better air quality has been made by mandating reductions in nitrogen oxide and sulfur oxide emissions from refineries, promoting electric vehicles, providing rideshare incentives, developing a clean up green up program to add vegetation, to get all electrical energy from renewable sources, to implement a clean air action plan to reduce air emissions at the Port of Los Angeles and the Port of Long Beach, to accurately identify sources of air pollution, and invest in strategies and technologies with multiple objectives regarding air quality air toxics, transportation, energy, and climate change [62] . In
July 2017 the Metropolitan Transportation Authority decided to purchase 95 electric buses for use in Los Angeles County [99] .
Public education on the health impacts of air pollution and actions that can be taken is recommended because many people do not understand the impact of air Journal of Environmental Protection pollution on health [39] . Greater health awareness has the potential to change behavior and reduce vehicle emissions. Investment in cleaner vehicles and electric vehicles, reducing diesel idling, working from home, public transport subsidization, integration of government policies, and effective community participation in decision making have been identified as being beneficial in efforts to improve air quality [22] [39] . Recent developments in low cost air sensors make community monitoring a more affordable activity for educating residents about local air quality issues [95] . Increased knowledge and awareness of local health impacts and air quality has the potential to support meaningful participation in decision making at the community level and beyond. Several communities in the U.S. are engaged in community-based participatory research to determine how effective these new technologies are in supporting community learning and action related to air quality improvements [86] .
The Air Quality Index (AQI) is used throughout the world to provide public information on air quality. Values from continuous monitoring are available on the Internet to inform the public about air quality in many locations [3] [93]. In some locations LED (light emitting diode) displays provide information on local air quality by reporting current local values of the AQI [70] .
Local air quality can be included in the set of information that is used in making decisions. Senate Bill 352 in the State of California considers air quality in land-use decisions for new schools by not having schools along major roads [31] . Communities can include health considerations associated with air quality in community planning.
Personal behavior can impact the extent of exposure to air pollution associated with transportation. Some things individuals can do include avoiding rush hour traffic, checking air quality for current and projected readings, exercise in parks rather than along busy roads, consider air quality when deciding where to live, consider air quality and traffic density when making travel plans, filter the air in your home, keep windows closed if the outdoor air is poor, consider air quality for where your children play [73] .
There are four recent publications that address actions that communities and/or governments can take to improve air quality and health [13] [17] [39] [92]. A tool has been developed to facilitate the assessment of health impacts of outdoor air pollution interventions by non-public health experts. Six categories of modifying factors have been identified: sources of emissions, quantity of emissions, concentrations of emitted pollutants, spatial distribution, personal exposure, and individual vulnerability [17] . This tool is intended to help municipal decision makers and program planners make better decisions as they design and evaluate proposed interventions to improve air quality.
In the process of searching for good practices to improve urban air quality, it is valuable to understand the community where new practices are to be implemented. Shandas et al. [74] have made use of spatial analysis to understand the community structure, population distribution, and air quality at the neighbor- A systematic review of 15 recent publications resulted in four strategies to improve urban air quality: general regulations on air emissions, road traffic related interventions, energy generation related interventions, and greenhouse gas emission reduction interventions [92] . Particulate matter and nitrogen dioxide were the pollutants of greatest concern in these 15 papers. Regulations and guidelines to reduce PM2.5 have resulted in improved air quality. The establishment of low emission zones and congestion charging schemes have been successful in reducing PM2.5 and nitrogen dioxide concentrations in the areas of the cities where they have been implemented. More than 200 low emission zones have been implemented in Europe [92] . Regulations that encourage electric vehicle purchase and use in cities improve air quality and reduce greenhouse gas emissions.
In homes and buildings, high efficiency filters can be used and better air intake locations for large buildings can be selected. Air intakes on roof tops or on sides of the building away from traffic should be considered [13] .
Better understanding of the impact of air pollution on health in urban communities is identified as being important [39] . Better understanding can lead to better alignment of policies and measures to reduce air pollution with protecting and improving health. One potential action is to improve the quality and coordination of public transport services so they are more convenient and cost effective [39] .
Another important community action that may have great impact is to promote a transition to electric vehicles (EVs) by providing incentives to purchase EVs, adding solar powered charging infrastructure in parking lots, and holding community education events that help residents understand the health benefits of reducing emissions. Adding solar panels and charging stations in parking lots has immediate benefits including clean electricity generation, shaded parking and charging infrastructure for EVs [23] . The shaded parking is beneficial because electric vehicle charging in the shade is better for the batteries in hot environments. Because of the decrease in costs of solar panels and batteries for EVs, there is the potential for a rapid transition to communities with a significant fraction of cars being EVs and many parking lots with solar powered charging stations [22] . The solar generated electricity and the car batteries in EVs can be mutually beneficial with the batteries being used as a repository for electric power that needs to be stored and the solar power providing clean power for EVs. Real time prices for electricity that encourage battery charging when prices are low are needed to encourage EV owners to charge their batteries at the best time [23] .
The transition to electric vehicles may be encouraged by government policy. [24] . The United Kingdom plans to end the sale of new gasoline and diesel cars in 2040 [64] .
In the United States, the U.S. EPA has assisted with community efforts to improve air quality through the Community Air Risk Reduction Initiative (CARRI), the Community Action for a Renewed Environment (CARE) program, and the National Clean Diesel Campaign [83] .
Conclusions
The particulates from vehicle emissions are very small with dimensions from about 10 to 700 nm and they are able to enter the lungs. Some compounds in the 
